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1. Additional Experimental Details

Syntheses of compounds and characterization. The details of the synthesis and
purification of F1, F2, F8 and M are described elsewhere.5521 For OPE backbone reference
compound B, all solvents and reagents were purchased from commercial sources and used as
received without further purification. Diisopropylamine (99%) was degassed by sparging argon
gas for 30 min prior to application. 4,5-Di-n-hexyl-1,2-ethynylbenzene was synthesized
according to the literature procedure.'*® Column chromatography was performed using silica gel
Sigo (0.035-0.070 mm). Recycling-gel permeations chromatography (GPC) was performed on a
Shimadzu GPC system (LC-20AD prominence pump; SPD-MA20A prominence diode array
detector) equipped with two preparative columns (JAIGEL 1H+2H) with CHCI; as eluent at a
flow rate of 3.5 mL min~* and a pressure of 20 MPa. H and *C NMR spectra were recorded on
Bruker Avance 400 and calibrated to the residual solvent peak. MALDI-TOF mass spectrum
(MS) was recorded on an Autoflex Il from Bruker Daltonics. High-resolution mass spectrum (ESI)
was recorded on an ESI MicrOTOF Focus from Bruker Daltonics. For evaluating optical
properties of B, steady-state absorption and fluorescence spectroscopic measurements were
conducted with spectroscopic grade solvents (Uvasol®) from Merck (Hohenbrunn, Germany) by
using conventional quartz cells (light path 1 cm). The UV/Vis spectrum was recorded on a
Perkin-Elmer UV/Vis spectrometer Lambda 35 and a Perkin Elmer Peltier temperature controller
was used. The fluorescence emission spectrum was recorded with a PTI QM-4/2003
spectrometer. Polarizers in the specified set-up applying magic angle conditions 54.7° were
used. The fluorescence gquantum yield was determined by optical dilution method (ODmax < 0.05)
and was determined as the average value for five different excitation wavelengths using pyrene

as reference compound (@x (cyclohexane) = 0.32).54

Computational methods. In order to gain insight into the spatial alignments of the unit PBI
chromophores in the folded and extended conformations of F8, we performed geometry
optimizations with a dispersion-corrected DFT-D approach (B97D)% and cost-efficient STO-
3GS8 pasis sets in Gaussian 09 (Gaussian, Inc.)7 for the simplest subunit of F8, i.e. for the
folded and unfolded conformations of F2. The starting structures for the DFT-D calculations
were the energy-minimized structures obtained with the force fields MM3* in MacroModel 9.8
within Maestro 9.3 (Schrodinger, LLC)®8 and OPLS-AA in Tinker 6.2 (Jay W. Ponder Lab).[5%
With these methods the folded and unfolded conformations of F2 could be realized, which
satisfyingly mimic our systems in CHCI; and THF/MCH, respectively. Nevertheless, in the case

of F8, which owns a much larger structure than its model compound F2, DFT calculations



become too expensive and time-consuming and we adopted the results®? obtained by applying
AMBER force-field in HyperChem(S for both folded and unfolded structures of F8.

In our previous report on the reference compound F25 we state that the backbone appears
to be significantly distorted out of plane in order to achieve the conformation with the lowest
energy (ca. 4 kJ/mol lower in energy than the non-distorted form). Since the reorientation of the
OPE moiety has no tremendous effect on the overall energy or the 3-dimensional arrangement
of the dye systems, we assume that such reordering takes place more likely for small
representatives of our system. On the other hand, for the larger F8 system, the scaffold is
enlarged and thus more ponderous, so that such events are more unlikely and can be neglected
in the discussion of our results. Therefore, we are convinced that the structural information

deduced by force-field calculations is sufficient to represent the spatial arrangement of F8.



2. Supporting Information

Synthesis of 4,5-di-n-hexyl-1,2-(phenylethynylene)benzene (OPE backbone B).

In a 50 mL flask were placed 66.2 mg (225 pmol) 4,5-di-n-hexyl-1,2-ethynylbenzene, 4.8 mg
(25.2 pmol) copper(l) iodide, and 5.5 mg (7.84 pmol) bis(triphenylphosphino)palladium(ll)
dichloride under nitrogen atmosphere. The flask was evacuated again and 10 mL degassed
diisopropylamine were added under nitrogen atmosphere. A second solution containing 103 mg
(504 pumol) iodobenzene in 4 mL diisopropylamine was prepared under nitrogen. Both flasks
were degassed by two “freeze-pump-thaw” cycles to remove residual oxygen. The solution
containing iodobenzene was then collected by a syringe and dropped into the first solution with
a septum at 50 °C within 30 min. The reaction mixture was stirred over night at 50 °C. After
being cooled to room temperature, the reaction mixture was poured into a 2 M aqueous
hydrogen chloride solution, diluted with n-hexane and washed with water. The combined
organic layers were dried over magnesium sulfate and the solvent was removed by a rotary
evaporator. The resulting crude product was purified by column chromatography on silica gel (n-
hexane/dichloromethane, 3/1 (v/v)) to obtain pre-purified compound. As other reaction by-
products could not be separated from the product, recycling GPC was used to get pure

compound in the form of yellow viscous oil (19.9 mg, 44.6 pmol; 20%).

HisCou_~ Z
Hq3C¢ A

IH NMR (400 MHz, 300 K, CD,Cl): & = 7.59-7.55 (m, 4H, Ha), 7.40—7.34 (m, 8H, Hip.), 2.63 (t,
3] = 7.90 Hz, 4H, CCHy), 1.65-1.57 (m, 4H, CCH.CH,), 1.43-1.33 (m, 12H, CH,), 0.92 ppm (t,
3J=7.13 Hz, 6H, (CHz)sCHs).

13C NMR (101 MHz, 300 K, CD,Cl,): & = 142.1, 132.8, 131.9, 128.9, 128.7, 123.9, 123.2, 92.7,
89.0, 32.9, 32.2, 31.3, 29.8, 23.0, 14.3 ppm.

MS (MALDI, matrix: DCTB; positive, chloroform): calcd. for CzsHss [M]" 446.297, found 446.208.

HRMS (ESI, positive, acetonitrile/chloroform = 1/1): calcd. for CssHze [M+H]* 447.30518, found
447.30432.

UV/Vis (CH2Clo): Amax (€) = 266 (39600), 281 (67000), 317 nm (21600 M~ cm™).

Fluorescence (CH2Cl2): Amax = 368 nm (Aex = 320 nm); @5 = 0.30.
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H NMR (400 MHz, top) and *C NMR spectra (101 MHz, bottom) of B in CD,Cl, at 300 K.



Details of the Forster-type energy transfer analysis for the extended form of F8.

The extended structure of F8, which maintains a sufficiently large distance between the PBI
units (16.3 A), can be treated with the point-dipole approximation, and the EET rates can also
be mechanistically estimated by the Forster-type incoherent energy hopping modelS
(Equation (S1)):

QpK? (9000(In10)

keer(N= 22 (gmsment) Jo FoMea (DA*dA (S1)

(Qo: quantum yield of the donor, k% orientation factor between the transition dipole moments of
the donor and the acceptor, 1o: fluorescence lifetime of the donor, r: donor-acceptor distance, €a:
extinction coefficient of the acceptor at A in Mcm™, Na: Avogadro’s number, n: refractive index
of the medium, Fp(A): fluorescence intensity)

where the spectral overlap between the donor emission and the acceptor absorption J is defined
in Equation (S2):

J= [ Fo(AMea DA*dA (S2)

In our system, we assume that only the homotransfer between identical PBI monomer units
occurs, i.e. a PBI monomer (M; see Figure S5) serves as both the donor and the acceptor.
Individual parameters used for the calculation of keer are as follows:

Qb =0.89

7o = 3.9 ns (see Figure S5 for the fluorescence decay profile)

r = 16.3 A (the averaged center-to-center distances between adjacent PBI units; see Table S2
for individual parameters)

n = 1.446 (refractive index of CHCI; at 20 °C)

J =2.26x10" Micminm*

k*=1.96

The orientation factor k> was calculated according to Equation (S3)

K% = (coso - 3coseAcoseB)2 (S3)

where @, 64 and Bs represent the angles indicated below (ua, Us represent the transition dipole
vector of each donor and acceptor unit and r is the center-to-center distance).

Ha Mg
/\(p/@ \GB .
/ r \
0=117.2°

B, = 43.4°, B = 148.5° (All values are taken from the averaged angle values between adjacent
PBI units)
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Figure S1. Schematic drawings of the DFT-D geometry-optimized (B97D/STO-3G) structures of
F2 in a) unfolded and b) folded (left: top view; right: side view) form, respectively (a: azimuth
angle between the in-plane polarized transition dipole moments of the two PBI units assumed to
be stacked perpendicular to the helix axis).
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Figure S2. Steady-state absorption spectra of F2 in nine different organic solvents.
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Figure S3. Steady-state fluorescence excitation anisotropy spectra at the emission wavelengths
of 540 nm (blue) and 625 nm (red), respectively, and excitation spectra (dashed lines) of F1, F2
and F8 in CHCIs (left column) and of F1 and F2 in THF as well as F8 in MCH (right column).
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Figure S4. Fluorescence decay profiles of a) F1, b) F2 and c) F8 in CHCIs (blue fitted lines),
THF (rosa-magenta fitted lines) and MCH (orange-red fitted lines) by employing the excitation
wavelength of 450 nm. The monitored emission wavelengths are indicated in each figure.



Table S1. Fitted decay parameters of emission wavelength dependent fluorescence decay

profiles of F1, F2 and F8 in different solvents.

)\em[a] Tl[c'd] -|-2[C] Tg[c]
Cmpd. Solvent (nm) (ns) (ns) (ns)
CHCI, 540lb] <0.05 (81) 2.7 (19) -
F1
THE 540l < 0.05 (36) 2.3 (64) -
540 < 0.05 (62) 2.7 (38) -
580 - 2.7 (94) 20.0 (6)
CHCI,
625 - 2.7 (75) 20.0 (25)
675 - 2.7 (67) 20.0 (33)
F2
530 < 0.05 (37) 2.0 (63) -
575 - 2.0(94) 20.0 (6)
THF
625 - 2.0 (68) 20.0 (32)
675 - 2.0 (45) 20.0 (55)
535 < 0.05 (30) 3.0 (70) -
585 - 3.0 (95) 20.1 (5)
CHCl,
630 - 3.0 (80) 20.1 (20)
700 - 3.0 (66) 20.1 (34)
F8
530 < 0.05 (39) 3.0 (58) 19.5 (3)
600 - 3.0(78) 19.5 (22)
MCH
645 - 3.0 (67) 19.5 (33)
730 - 3.0 (55) 19.5 (45)

& Monitored emission wavelength. P! F1 did not show any wavelength dependence and therefore only the
results at 540 nm are presented here. [ The values in the parentheses represent the normalized pre-
exponential factors. @ The accurate timescales of the short components could not be determined due to the

instrumental response (~50 ps) of our setup.
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Figure S5. a) Molecular structure of the backbone-free monomer M. b) Steady-state absorption
(solid lines) and fluorescence emission (dashed lines) spectra of M in CHCI; (blue) and THF
(magenta). The excitation wavelength used for the fluorescence measurement is 480 nm. c)
Fluorescence decay profiles of M in CHCIs (blue fitted line) and THF (magenta fitted line) by
employing the excitation wavelength of 450 nm and emission wavelength of 540 and 535 nm,
respectively. The fitted parameters are indicated inside the figure.

*Note: Measurements in MCH were not possible due to very low solubility of M in MCH.
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Figure S6. a) Molecular structure and b) steady-state absorption (black) and fluorescence
emission (blue) spectra of backbone B in dichloromethane. The excitation wavelength employed
for the fluorescence measurement is 320 nm. The gray dotted trace shows the steady-state

absorption spectrum of M in CHCls.
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Figure S7. Decay associated spectra (DAS) obtained from global analysis of the TA spectra of
F8 in CHCI; at NIR probe. The fitted decay parameters of each principal component are

indicated inside the figure.
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Table S2. Center-to-center distances and azimuth angles (a) between neighboring PBI units in
the unfolded and folded structure of F8, respectively, obtained by AMBER force-field

optimization. The numbering of the eight PBI units is illustrated below.

b

Parameters
Structure
1-2 2-3 3-4 4-5 5-6 6-7 7-8 Average
Center-to-
Center 16.4 15.7 16.1 16.1 16.4 16.3 16.9 16.3
Unfolded | Distance (A)
Azimuth
Angle (°) 132.5 118.0 117.5 113.0 107.0 112.5 120.0 117.2
Center-to-
Center 3.35 3.35 3.38 3.48 3.38 3.34 3.41 3.38
Folded | Distance (A)
Azimuth
Angle (%) 49.5 47.0 45.5 52.0 48.5 47.0 46.0 47.9

14
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